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Lecture 4
Scattering Matrix Concepts (Contd.)
So, welcome back to the Scattering Matrix Concepts. In this session we will investigate the

scattering matrix parameters for elements like the shunt element and the series elements.
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So, let us begin for the shunt element, we will write the scattering matrix of a shunt element.
So, in this case I have a transmission line. So, let us have a shunt element connected on either
sides to transmission line. So, the input transmission line has a characteristic impedance Zc,

the output transmission line has a characteristic impedance of Zc

So, to find S;; of this network we consider port 2 to be matched. So, S;; because this is a
shunt element, we will discuss this in terms of the admittance. Looking at towards the right

side from port 1.
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Now, from symmetry, we can see Sy, will be equal to S;;. You can easily see that this

network is symmetrical from the port 1 and port 2. So, from symmetry we can write Sy, equal



to Sq1. So, Sy, can be evaluated by using 18 and 19. So, that can be obtained from 18 and 19

or Sy, can be found also from the network by finding V, with port 2 matched.
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Now, for a pure shunt element, we must have the total input voltage will be equal to V,
because port 2 is matched. So, there is no reflected wave from port 2. Now, as V| =S;;V;"

we can write
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Now, since,
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So, this is for the pure shunt element.
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Next we take the case of a series element, and in this case we have this kind of a network. So,
the two characteristic impedances of the transmission line on the two sides, they are different.
Zcl is the characteristic impedance of the transmission line on the left hand side it is Z1 and
Zc2 is the characteristic impedance of the transmission on the right hand side and that is Z2.

The left is port 1 and the right is port 2.
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So, we can write that
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Similarly, if port 1 is matched, we can write



v
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In order to find S,;, we again consider port 2 is matched. So, on port 1, what do we have? It is

Syy=7 CP,,(.’Z&'M‘M

.So, this is the Y1 is the admittance of the transmission line to the left.

(Refer Slide Time: 20:16)

e i Yo pure Tocs Qptow ey
B EAG0:ehesdARARNT
[0 /TO=ME0 O PO RRRRBEONE00 M s u]

th@‘-ww:

= Y (esy)

_IS.II;:'I_




B G ew e oo Gptow by
B BAtOiekessdQlQR4T
fo/1o=uscof FoNRREREORE0ON mem o]

Sovite Edament

We just equate the two, we just equate these two. So, we now get

_ Va
We wewd gk S2) Z 5"-'5—‘;

Now, if I choose a normalized voltage, the normalized voltage is related to the unnormalized

voltage

- +
i K

So, we can write:
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And next we can write
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So, the symmetricity of Sij, S;2 and S,; appears because of the way the expressions for Z;
and Z, appear in this equation. So, they are symmetric. So, you see that the S;, and S;; they
are symmetric. So, we had used here normalized voltages. So, if unnormalized values are
used or if unnormalized voltages are used the same expressions will be obtained for S;; and

S2, which we had obtained now, but the expressions for Si, and S,; would get changed.



(Refer Slide Time: 32:46)

Be 6 Yo Jumel Tock Qptos 1y

EOBAGA ¢hesARARLT
Elll‘&nll@nb‘F'illlllIlDDll-- a]

M&l vifiq o ”‘ll l
Sp ks whk 2 e
z et Sp = 3,4-2’:(]1‘

m/

} - yr(l's“) - _z_’; (1-5n)

Y& al

a-o 1 ¥ Jx, 3'
- C———
" [.l 2R

A2,

2% -
=32 S5 T

‘i‘\ aaﬁ.,«-\p( 1 |

In fact, in that case if unnormalized voltages are used S;; and Sy, will remain unchanged. But

S»; will be equal
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So, in that case if unnormalized voltages are used, we can find Sy
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And from here, I can write down, Si» is

Yy (1= 80
Sga = ——7“""
= 2 (1-Sa)
22, M
A2

So, this completes the derivation of S;, for the unnormalized voltage case. So, this ends the

section on the concept of scattering matrix. Thank you.



